ELECTROSTATIC DEVELOPING TONER 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 
6 This invention relates to an electrostatic developing toner 

used in an image- forming apparatus such as a printer, copier or 
facsimile machine which forms an image by developing an electrostatic 
latent image formed on a photoconductive layer of a photoconductive 
drum using a toner, i.e. by an electrophotographic method. In 

10 particular, it relates to an electrostatic developing toner which 
can effectively suppress fogging of the image by setting a ratio (d/D) 
between a toner average particle diameter D and an average particle 
diameter d of iron oxide particles contained in the toner which 
function as a colorant, or by setting a ratio ( err/ as) between a 

15 residual magnetization Or and a saturation magnetization <7s of the 
iron oxide particles. It further relates to an electrostatic 
developing toner which can suppress the cracking amount of the 
photoconductive layer on the photoconductive drum accompanying the 
formation of the image even after about 10000 images have been formed. 

20 2. ucGcripticn cf the Related Art 

In the past, various image-forming apparatuses have been 
proposed featuring the formation of an image by an electrophotographic 
method using an electrostatic developing toner, wherein an additive 
such as silica particulates is added to toner particles containing 

25 a colorant to develop an electrostatic latent image formed on a 
photoconductive layer of a photoconductive drum* 

For example, JP Laid-open Patent Publication No. 05-34X556 



discloses a toner used in an image-forming apparatus wherein an 
electrostatic latent image is formed on a photoconductive layer of 
a latent image carrier via an optical source such as a laser, and 
toner is supplied to the electrostatic latent image from a toner 
6 carrier in contact with the latent image carrier to develop the 
electrostatic latent imaqe. This toner is a one-component toner 
containing 20-50wt% of iron oxide in a binder resin containing a 
colorant such as carbon black. 

JP Laid-open Patent Publication No. 11-143121 discloses a toner 

10 used in an image-forming apparatus wherein an electrostatic latent 
image is formed on a photoconductive layer of an electrostatic latent 
image carrier, and the electrostatic latent image is developed by 
supplying toner from a developer carrier (developing roller). This 
toner contains a magnetic powder having a saturation magnetization 

15 as of 5A.m 2 /kg or less, and a residual magnetization err of 3A.m 2 /kg 
or less. 

When magnetic powders such as metal oxides are added to the toner 
for various purposes such as suppressing image fogging, it is 
necessary not only to consider the amount of magnetic powder added 
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particles such as their saturation magnetization as and residual 

magnetization err. 

However, although jp Laid-open Patent Publication Mo. 05-341556 
states that the iron oxide content of the toner is 20-50wt%, no mention 
25 is made of the other magnetic properties of the iron oxide* 

JP Laid-open Patent Publication No. 11-143121 discloses that 
the magnetic powder added to the toner has a saturation magnetization 



as of 5A.m 2 /kg or less, and a residual magnetization Ox of 3A.m 2 /kg 
or less, however as in the case of No. 05-34 1556 , no mention is made 
of the other magnetic properties of the magnetic powder. 

JP Laid-open Patent Publication No- 11-194557 discloses an 
5 image- forming apparatus wherein a good image exposure is obtained 
according to a film pressure of an outermost layer of a photoconductive 
drum by inputting data relating to the photoconductive drum drive 
time and the time during which a voltage is applied to the charging 
roller, together with data relating to the contact pressure of a 

10 cleaning blade on a photoconductive drum from a non-volatile memory , 
calculating a film thickness of the outermost layer of the 
photoconductive drum based on this data in a control unit, and 
controlling the image exposure of an exposure apparatus on the 
photoconductive drum based on the calculated film thickness of the 

15 photoconductive drum. 

In the image- forming apparatus described in JP Laid-open Patent 
Publication No. 11-194557 # two factors are considered whereby the 
photoconductive layer formed on the outer circumference of the 
photoconductive drum may be scraped when the image is formed. The 

2C first factor Lz that a contact charging sethcd is used v/fcerein 2 
charging roller is brought into contact with the photoconductive drum 
to charge the outer circumferential surface of the photoconductive 
drum, and the photoconductive layer on the photoconductive drum may 
be scraped by the charging roller when the image is formed* The other 

25 factor is that a residual toner removal method is used wherein a 
cleaning blade is brought into pressure contact with the 
photoconductive layer surface on the photoconductive drum to remove 

3 



residual toner on the photoconductive drum surface after transfer 
of the toner imag to a transfer material , and the photoconductive 
layer on the photoconductive drum may be scraped by the cleaning blade . 

Hence, in the image- forming apparatus disclosed in JP Laid-open 
Patent Publication No, 11-194557 r due to the design of the 
image- forming apparatus, the scraping of the photoconductive layer 
by the charging roller and the cleaning blade which are brought into 
contact with the circumferential surface of the photoconductive drum, 
are considered. 

Due to the design of the image-forming apparatus, if there are 
members which come into contact with the circumferential surface of 
the photoconductive layer of the photoconductive drum, the 
photoconductive layer will be scraped due to the frictional contact 
between these members and the photoconductive layer, but these are 
not the only possible factors responsible for the scraping of the 
photoconductive layer, and it is necessary to consider scraping of 
the photoconductive layer by various components of the electrostatic 
developing toner used in the image- forming apparatus* 

For example, if the colorant contained in the toner particles 
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its particle size and amount in the toner must be considered as 
possible factors in the scraping of the photoconductive layer, and 
if silica particulates are added to the toner particles, their 
particle size and addition amounts must also be considered. 



SUMMARY OF THE INVENTION 
As a result of intensive etudies undertaken by performing 



experiments on the iron oxide particles contained in toner and the 
effect of the magn tic properties of these iron oxide particles on 
image- forming/ the inventors discovered that the relation between 
toner particle size and iron oxide particle size, and the relation 
5 between the saturation magnetization <7b and residual magnetization 
err of the iron oxide particles, had an important effect on the 
suppression of image fogging, and thereby arrived at the present 
invention. It is therefore an object of the present invention to 
provide an electrostatic developing toner which can effectively 

10 suppressing image fogging by setting the ratio (d/D) between the 
average particle diameter D of the toner and average particle diameter 
d of the iron oxide particles contained in the toner within a 
predetermined range, and setting the ratio (<Xr/as) between the 
residual magnetization Ox and saturation magnetization as of the 

15 iron oxide particles to a predetermined value or less. 

The inventors also arrived at the present invention after 
intensive studies undertaken by performing experiments on the effect 
of components of electrostatic developing toners on the scraping of 
the photoconductive layer on the photoconductive drum. It is 

£.\J UUCJLCi-V/JL O JkU^WUC4 w^jfc\.*. w Wii^w — * w •* t? ~~ * — — w 

electrostatic developing toner which can suppress the scraping amount 
of the photoconductive layer on the photoconductive drum when an image 
is formed, to a constant value or less, even after about 10000 images 
are formed . 

25 The toner according to a first aspect of the invention is an 

electrostatic developing toner used in an image-forming apparatus 
wherein an electrostatic latent image is formed on a photoconductive 



layer formed on a circumferential surface of a photoconductive drum, 
and the electrostatic latent image is developed by supplying toner 
to the electrostatic latent image from a non-magnetic developing 
roller brought into contact with the photoconductive drum, wherein 

5 this electrostatic developing toner contains iron oxide particles 
in resin particles, and the ratio (d/D) between the average particle 
diameter D of the electrostatic developing toner and average particle 
diameter d of the iron oxide particles is within the range 0,01-0.03. 
in the electrostatic developing toner according to the first 

j0 aspect of the invention, the ratio (d/D) between the average particle 
diameter D of the electrostatic developing toner and average particle 
diameter d of the iron oxide particles is set within the range 
0.01-0.03, so image fogging is effectively suppressed. If the value 
of the aforesaid ratio (d/D) departs from this range, image fogging 

15 increases. 

The electrostatic developing toner according to a second aspect 
of the invention is an electrostatic developing toner used in an 
image-forming apparatus wherein an electrostatic latent image is 
formed on a photoconductive layer formed on a circumferential surface 
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developed by supplying toner to the electrostatic latent image from 
a non-magnetic developing roller brought into contact with the 
photoconductive drum, wherein this electrostatic developing toner 
contains iron oxide particles in resin particles, the iron oxide 
25 particles have a retentivity He of 3-7 kA/m in a magnetic field of 
79 . 6kA/m, and the ratio ( err/ crs ) between their residual magnetization 
err and saturation magnetization as is 0-3 or less. 



In the electrostatic developing toner according to the second 
aspect of th invention, the iron oxide particles have a retentivity 
He of 3-7kA/m in a magnetic field of 79.6kA/m, and the ratio ( Cr/ 
ere) of the residual magnetization err and saturation magnetization 
5 as in the iron oxide particles is 0.3 or less. Therefore, in a 
non-magnetic developing process which uses a non-magnetic developing 
roller, if the residual magnetization Or is small even if the 
saturation magnetization Ob is high, the magnetic cohesive force 
between toner particles is weak and cohesion between toner particles 
10 can be prevented. Further, if the ratio {Or/ as) of the residual 
magnetization err and saturation magnetization as in the iron oxide 
particles is small, the electrostatic latent image can be developed 
without impairing toner fluid properties. As a result, image fogging 
can be effectively suppressed. 

15 The electrostatic developing toner according to a third aspect 

of the invention is an electrostatic developing toner used in an 
image- forming apparatus wherein an electrostatic latent image is 
formed on a photoconductive layer having a film thickness of 30-50^m 
formed on the circumferential surface of a photoconductive drum, and 

20 toner is supplied to the electrostatic latent lw?»ge from a developing 
roller in contact with the photoconductive drum at a nip pressure 
of 50-350kPa to develop the electrostatic latent image* This 
electrostatic developing toner contains a colorant in resin particles 
with the addition of at least one of a first silica particulate and 

25 a second silica particulate having mutually different particle 

diameters. The colorant is iron oxide having a particle diameter in 
the range 0.1-0.6^m, and its addition amount is 5-10vol% relative 
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to toner- For the first silica particulate, the average value of the 
BET specific surface area is in the range 50-150m 2 /g, and its addition 
amount is 0.3-2wt%. For the second silica particulate, the average 
value of the BET specific surface area is in the range 20-100m 2 /g, 
6 and its addition amount is 0.5-2wt%. 

In the third aspect of the invention, in the image- forming 
apparatus wherein the initial film thickness of the photoconductive 
layer of the photoconductive drum is set to the range 30-50jim, the 
nip pressure of the developing roller on the photoconductive drum 

10 is set to the range 50-350kPa, and images are formed using the 

electrostatic developing toner prepared above, the scraping amount 
of the photoconductive layer of the photoconductive drum after about 
10000 images have been formed, can be suppressed to 20-40j^m or less. 
As a result, even after about 10000 images have been formed, the film 

15 thickness of the photoconductive layer can be maintained at 10pm or 
more, and images can be formed continuously. 

If the film thickness of the photoconductive layer is less than 
lOjjm, image fogging increases as the film thickness decreases, and 
as a suitable image can then no longer be obtained, it is required 
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in order to form a proper image. 

The above and further objects and novel features of the 
invention will more fully appear from the following detailed 
description of the same is read in connection with the accompanying 
26 drawings. It is to be expressly understood, however, that the 

drawings are for the purpose of illustration only and not intended 
as a definition of the limits of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perpendicular cross-sectional view of a laser 
printer? 

5 Fig. 2 is an enlarged lateral view of a developing unit and 

photoconductive drum of the laser printer; 

Fig. 3 is a graph showing a relation between the value of a ratio 
(d/D) and a fogging value; 

Fig. 4 is a graph showing a relation between the value of a ratio 

10 (Cr/crs) and a fogging value; 

Fig- 5 is a graph showing a relation between a film thickness 
of a photoconductive layer and fogging; 

Fig. 6 is a graph showing a relation between a number of printed 
sheets and print density during endurance printing for two toners 
15 A and B; 

Fig. 7 is a graph showing a relation between the number of printed 
sheets and a scraping amount of the photoconductive layer during 
endurance printing for the two toners A and B; 

Fig. 8 is a graph showing a relation between the number of printed 
20 ssiitsets and th^ scrapjLnQ ciiuGunt of tho phctoccnductivc laycrp; 

Fig. 9 is a graph showing a linear plot of a relation between 
addition amounts of a Silica A and a Silica B, and the scraping amount 
of the photoconductive layer; 

Fig. 10 is a graph showing a relation between the number of 
25 printed sheets and the scraping amount of the photoconductive layer; 

Fig. 1 1 is a graph showing a relation between a particle diameter 
of iron oxide particles and the scraping amount of the photoconductive 



layer; and 

Fig. 12 is a graph showing a relation between a nip pressure 
of a developing roller and the scraping amount of the photoconductive 
layer. 

5 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The electrostatic developing toner according to the present 
invention will now be described in more detail based on first and 
second embodiments* 

10 

[ Image- forming apparatus ] 

First , referring to Fig.l and Fig. 2, a laser printer which is 
an image-forming apparatus using the electrostatic developing toner 
for the first and second embodiments will be described. 

15 Fig. 1 is a perpendicular cross-6ectional view of a laser printer, 
and Fig. 2 is an enlarged lateral view of the developing unit and 
photoconductive drum part of the laser printer. 

in Fig. 1, a laser printer 1 comprises a main case 2, a feeder 
unit 10 for feeding a paper P which is a recording medium for forming 

20 an image, a phctcccnductive drus 20 which is a photoconductive roertitn" 
for performing the steps of charging to form an image, exposure, 
developing, transfer and recovery in sequence, a fixing unit 70 for 
fixing an image transferred from the photoconductive drum 20 to the 
paper P on the paper P, and a paper eject tray 77 for ejecting the 

25 paper P on which the image is fixed along a paper transport path PP. 

The laser printer 1 comprises a drive means, not shown, for 
rotating the photoconductiv drum 20. A laser scanner unit 30 for 



forming an electrostatic latent image on the photoconductive drum 
20 rotated by the drive means, a developing unit 50 comprising a 
developing roller 56 for developing the electrostatic latent image 
formed on the photoconductive drum 20 by a toner, a transfer roller 
5 60 for transferring the toner image developed on the photoconductive 
drum 20 to the paper P, a discharge lamp 41 for discharging residual 
potential remaining on the photoconductive drum 20 after transfer, 
a cleaning roller 42 for temporarily adsorbing residual toner and 
then discharging and leveling it on the photoconductive drum 20 after 

10 charge has been eliminated by the discharge lamp 41, so that residual 
toner remaining on the photoconductive drum 20 after transfer by the 
transfer roller 60 is returned to the developing unit 50 at a 
predetermined timing using the photoconductive drum 20, and a charger 
40 for charging the photoconductive drum 20 so that it can form an 

15 electrostatic latent image after discharging and leveling, are 
disposed in sequence around the photoconductive drum 20. 

The feeder unit 10 further comprises a paper pressure plate 11 
disposed inside the feeder case 3 situated above the rear end of the 
main case 2 having substantially identical width dimensions to those 

20 of the paper F - The paper pressure piste 11 is supported free to 
oscillate at its rear end, A compression spring 12 is provided at 
the front end of the paper pressure plate 11, the paper pressure plate 
11 being pushed upwards elaetically by this compression spring 12. 
The paper pressure plate 11 supports a paper feed roller 13 extending 

25 to the left and right such that it is free to rotate . The paper feed 
roller 13 is rotation driven with the paper feed timing by a drive 
system, not shown. The feed r unit 10 houses a paper fe d cassette 



14 set in the feeder case 3 such that it can be freely inserted or 
removed obliquely, and which can accommodate plural sheets of the 
paper P cut to fixed dimensions. Due to the rotation of the paper 
feed roller 13 , the paper P in the paper feed cassette 14 is supplied 
one sheet at a time from the uppermost sheet* Also, in order to prevent 
two sheets of the paper P from being transported together, the feeder 
unit 10 comprises a separating member 15 below the paper feed roller 
13, this separating member 15 being pushed elastically against the 
paper feed roller 13 by a compression spring 16. A pair of resist 
rollers 17 , 18 which grip the front edge of the paper P are respectively 
supported free to rotate downstream in the transport direction (in 
Fig. 1, from the back to the front) from the paper feed roller 13. 

In Fig. 1 and Fig. 2, the photoconductive drum 20 comprises a 
positive charge material, for example an organic photoconductive 
material having a positive charge polycarbonate, as its main component. 
As shown in Fig. 2, the photoconductive drum 20 is a hollow drum which 
is cylindrical, comprising a photoconductive layer 22 of a 
predetermined thickness (e.g., the initial thickness is 30-15fjm) 
comprising a photoconductive resin dispersed in polycarbonate on the 
outer circumference of an aluminum cylindrical sleeve 21, and is 
supported free to rotate in the main case 2 such that the cylindrical 
sleeve 21 is earthed, in other words, the electrostatic latent image 
which has positive polarity (positive charge) formed on the 
photoconductive drum 20 is developed by developing the positive charge 
toner by the reverse developing method* The photoconductive drum 20 
is rotation driven in the clockwise direction, viewed laterally, by 
a drive means. 

12 



in Fig. 1, the laser scanner unit 30 is disposed below the 
photoconductive drum 20, and comprises a laser imaging apparatus 31 
which emits a laser L for forming an electrostatic lat nt image on 
the photoconductive drum 20, a polygon mirror {5 facepiece mirror) 
5 32 which is rotation driven, a pair of lenses 33, 34, and a pair of 
reflecting mirrors 35, 36. 

The charger 40 for example is a scorotron charger for positive 
charging which generates a corona discharge from a charging wire, 
for example of tungsten. In this aspect of the invention, a 
10 cleaner less method is adopted wherein the charger 40 is disposed 
facing the photoconductive drum 20 but not in contact with it, so 
that residual toner on the photoconductive drum 20 does not adhere 
to the charger 40. 

The discharge lamp 41 inside the main case 2 for example 
15 comprises a light source such as a LED (light emitting diode) , el 
(electroluminescence) or a neon lamp, and the charge remaining on 
the photoconductive drum 20 after transfer is removed (discharged) 
by irradiating with a light Le. 

The cleaning roller 42 varies a bias voltage so that, in a suction 

~ ^ * «»- - f " — *■ r _ M — J _ _ — -»-*•.—- _ l« »»s ^ ^ (A 

A\j imJlite, tiite lebj.uuax uuiiCx -> mJ x. cmaxnxn^ wmUUL « C U.^. 

20 after transfer by the transfer roller 60 is first aspirated, and 
in a discharge mode, the aspirated residual toner 53 is discharged 
and leveled over the photoconductive drum 20 at a timing which does 
not interfere with the subsequent exposure, developing and transfer 
26 on the photoconductive drum 20. By these actions, the residual toner 
53 is returned from the photoconductive drum 20 to the developing 
unit 50. This cleaning roller 42 may for example be a foam elastic 



body having electrical conductivity comprising silicone rubber or 
ur thane rubber which permits a bias voltage to be applied. 

The cleaning roller 42 is in contact with the photoconductive 
drum 20/ and as described above, as it comprises a foam elastic body 
6 such as silicone rubber or ur ethane rubber, friction with the 

photoconductive drum 20 is reduced, and the photoconductive layer 
22 on the photoconductive drum 20 is not scraped when cleaning is 
performed . 

in Pig. 1 and Fig. 2, the developing unit 50 comprises a double 
10 cylindrical toner box 51 housed in a developer case 4 such that it 
can be freely inserted or removed • The toner box 51 houses an agitator 
52 which is rotation driven, and the positive charge toner 53 which 
has electrical insulating properties . At the front of the toner box 
51 , a toner chamber 54 which accommodates the toner 53 supplied due 
15 to the rotation of the agitator 52 via a toner supplied port 51a formed 
in the toner box 51 r is formed. The toner chamber 54 houses a supply 
roller 55 disposed horizontally in its longitudinal direction, and 
which is supported free to rotate. The developing roller 56 , which 
is also disposed horizontally in its longitudinal direction and 
20 supported free tc rotate, partitions the front of th* ton*r chamber 
54 and is in contact with the supply roller 55 and photoconductive 
drum 20. 

The supply roller 55 comprises a foam elastic body having 
electrical conductivity comprising silicone rubber or ur ethane rubber . 
25 The developing roller 56 forms a nip N due to contact with the 

photoconductive drum 20 as shown in Fig- 2, and is also an electrically 
conducting rigid roller comprising silicone rubber or urethane rubber. 



The laser printer 1 of this aspect of the invention for example uses 
the photoconductive drum 20 comprising an organic photoconductive 
material having positive charge toner and positive charge 
polycarbonate as its main components/ and urethane rubber is the 
5 material of the developing roller 56. 

As shown in Fig. 2, the photoconductive drum 20 is rotated 
clockwise and the developing roller 56 is also rotated clockwise. 
A rotation direction of the photoconductive drum 20 and that of the 
developing roller 56 are opposite to each other at the nip N. This 
10 means circumferential speed difference becomes large. As 

circumferential speed difference becomes larger, amount of toner 53 
the developing roller 56 can deliver to the photoconductive drum 20 
becomes larger, in other words, even if amount of toner 53 carried 
onto the circumferential surface of the developing roller 56 is small, 
15 i.e., even if layer thickness of toner 53 is thin, constant amount 
of toner 53 can stably be delivered to the photoconductive drum 20. 
This mechanism can make layer thickness of toner 53 carried onto the 
developing roller 56 thin. Therefore, toner 53 can be charged 
uniformly and image quality can be improved. 
*u Xhe nip pressure (contact pressure) Lite developing roller 

56 with the photoconductive drum 20 is set within the range 50~350kl>a . 
If this nip pressure falls below 50kPa, the offset of the developing 
roller 56 appears directly in the image, and gives rise to image 
distortion. Conversely, if the nip measure is more than 350kPa, the 
25 torque which drives the developing roller 56 is excessive, and 
interferes with the drive. 

As «fcown in Fig. 2, the toner chamber 54 is provided in the 

15 



developer case 4 in the developing unit 50/ this toner chamber 54 
being formed such that there is a large upper gap S above the supply 
roller 55. 

In Fig- 1 and Fig. 2, a layer thickness regulating blade 57 
5 comprised of a thin stainless steel or copper plate with elasticity 
is installed facing downwards in the developer case 4. 

A curved part 57a formed at the bottom of the layer thickness 
regulating blade 57 is in contact with the developing roller 56 such 
that it presses against it, and the layer thickness of the toner 53 
10 supplied from the supply roller 55 and adhering as a layer to the 
surface of the developing roller 56, is regulated by this layer 
thickness regulating blade 57 to a predetermined thickness 
(approximately 7-12*rai) • 

The transfer roller 60, which is installed in contact with the 
15 upper side of the photoconductive drum 20 and is supported free to 
rotate, comprises a foam elastic body having electrical conductivity 
comprising silicone rubber or urethane rubber. 

The fixing unit 70 , which is installed downstream of the 
photoconductive drum 20 in the transport direction, and comprises 
20 a heating roller 73 erv* pre^pure rol 1 er 7? housing a halogen lamp 
known in the art, fixes the toner image transferred to the underside 
of the paper P by heat and pressure so as to fix it on the paper P. 

A pair of transport rollers 75 for transporting the paper and 
the paper eject tray 77 are respectively installed downstream of the 
25 fixing unit 70 in the transport direction. 

Furthermore, as shown in Fig* 1, the paper supply roller 13, 
photoconductive drum 20, fixing unit 70 and paper eject tray 77 



transport the paper P supplied from the paper cassette 14 along the 
substantially linear paper transport path PP. 

FIRST EMBODIMENT 

5 [Toner] 

The toner according to present aspect of the invention is a 
positive charge toner, for example a non-magnetic one component toner 
comprising a polymer resin of styrene acrylate or the like r the 
proportion of iron oxide having substantially spherical particles 
10 which functions as a colorant in the polymer resin toner particles 
is 4-7vol% relative to toner, and various additives such as two types 
of silica particulates having different particle sizes to confer 
fluidity, and a wax and a charge controlling agent, are added. 

In addition to the aforesaid polymer toner r a powdered toner 
15 may also be used. 

Herein, as the iron oxide particles have a substantially 
spherical shape, the toner can be uniformly charged unlike the case 
where they have different shapes, and image fogging can be effectively 
suppressed. Also, as the iron oxide particles which act as a colorant 
zk) account for 4-7vol* of the tcncr, linage fogging i* suppressed and 
the image can be formed with a suitable print density. If the iron 
oxide particle content is within the range 4-7vol%, the scraping 
amount of the photoconductive layer of the photoconductive drum due 
to the iron oxide particles in image-forming can be suppressed to 
25 within tolerance limits. 

Next, six types of iron oxide particles having different 
retentivity He , saturation magnetization as, residual magnetization 
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(7r and average particle diameter d were manufactured, six types of 
toner containing these iron oxide particles were prepared (Examples 
1-4 , Comparative Examples 1, 2), and the fogging value in the initial 
stage of image-forming and the fogging value after printing 6000 
5 sheets were measured for each toner. 

The retentivity He, saturation magnetization <7s, residual 
magnetization Or and average particle diameter d of the iron oxide 
particles used in the toners of Examples 1-4, and Comparative Examples 
1, 2, and the toner average particle diameter D measured for each 
10 toner, are listed in the following Table 1. 



[Table 1] 
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Example 1 


0.35 


59 


4.70 


66.7 


5 


0.07 


0.22 


9.155 


0.024 




1.01 


59 


I 4.70 


66.7 


5 


0.07 


0.22 


9.155 


0.024 


Example 2 


1.13 


85 


6.77 


65 


8.7 


0.13 


0.13 


9.220 


0.014 




1.29 


65 


6.77 


65 


8.7 


0.13 


0.13 


9.220 


0.014 


Example 3 


0.56 


93 


7.40 


66 


9.3 


0.14 


0.19 


8.907 


0.021 




1.03 


93 


7.40 


66 


9.3 


0.14 


0.19 


8.907 


0.021 


Example 4 


1.17 


114 


9.07 


59.6 


10 


0.17 


0.23 


9.041 


0.025 




1.20 


114 


9.07 


59.6 


10 


0.17 


0.23 


9.041 


0.025 


Comparative 


2.39 


283 


22.5 


0.6 


0.2 


0.33 


0.3 


8.832 


0.034 


Example 1 


3.11 


263 


22.5 


0.6 


0.2 


0.33 


0.3 


6.632 


0.034 


Comparative 


5.0$ 


58 


4.62 


0.2 


0.1 


0.50 


0.017 


9.240 


0.002 


Example 2 





















1. Toners in the examples 
(1) Example 1 

15 Table 1 shows the physical properties for the iron oxide 

particles used in the toner of Example 1. 
(Retentivity He (KA/m) ) 

The retentivity He, measured at a measured magnetic field of 
IkOe (97.6kA/m) was 4-70kA/m (59eO). 
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(Saturation magn tization as and residual magnetization <Tr) 

The saturation magnetization <Js was 66.7Am 2 /kg, and the 
residual magnetization Or was 5Am*/kg. Hence/ the ratio (Ot/Os) 
of the residual magnetization ax and saturation magnetization as 
5 was 0.07. 

(Average particle diameter d of iron oxide and average particle 
diameter D of toner) 

The average particle diameter d of iron oxide particles was 
0.22/im. The average particle diameter D of the final toner was 9.155ym. 
10 Hence, the ratio (d/D) of the average particle diameter d of iron 
oxide particles to the average particle diameter D of toner was 0 . 024 . 

For the aforesaid toners, the initial fogging value when images 
were first formed was 0.35, and the fogging value after 6000 sheets 
had been printed was 1.01. 
15 In general, it is said that: the fogging value must be 2.0 or 

less. Hence, the fogging value measured for the toner in Example 1 
was within the permitted range for both the initial value and after 
printing 6000 sheets , and fogging was suppressed. 

e>r\ > *» v «-■-. »— — * — r% 

Table 1 shows various physical properties for the iron oxide 
particles used in the toner of Example 2 . . . _ 

(Retentivity He (kA/m) ) 

The retentivity He measured at a measured magnetic field of IkOe 
25 (97.6kA/m) was 6.77kA/m (85eO). 

(Saturation magnetization as and residual magnetization Or) 

The saturation magnetization as was 65Am 2 /kg, and the residual 



magnetization or was 8.7 AmVkg. Hence, the ratio (Or/as) of the 
residual magnetization CXr and saturation magnetization as was 0.13. 
(Average particle diameter d of iron oxide and average particle 
diameter D of toner) 

The average particle diameter d of iron oxide particles was 
0.13fim. The average particle diameter D of the final toner was 9.220pm. 
Hence # the ratio (d/D) of the average particle diameter d of iron 
oxide particles to the average particle diameter D of toner was 0.014. 

For the aforesaid toners, the initial fogging value when images 
were first formed was 1.13, and the fogging value after 6000 sheets 
had been printed was 1.29. 

In general , it is said that the fogging value must be 2.0 or 
less. Hence, the fogging value measured for the toner in Example 2 
was within the permitted range for both the initial value and after 
printing 6000 sheets, and fogging was suppressed. 

(3) Example 3 

Table 1 shows various physical properties of the iron oxide 
particles used in the toner of Example 3. 
(Rete&tivit; kc (kA/&> > 

The retentivity He measured at a measured magnetic field of Ikoe 
(97.6kA/m) was 7.40kA/m (93eO). 

(Saturation magnetization as and residual magnetization Or) 

The saturation magnetization as was 66Am 2 /kg, and the residual 
magnetization err was 9.3Am 2 /kg. Hence, the ratio (Ox/ as) of the 
residual magnetization 0 r and saturation magnetization (7s was 0.14. 
(Average particle diam t r d of iron oxide and average particle 
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diameter D of ton r) 

The average particle diameter d of iron oxide particles was 
0.22pm. The average particle diameter D of the final toner was 8.907pm. 
Hence, the ratio (d/D) of the average particle diameter d of iron 
oxide particles to the average particle diameter D of toner was 0. 021 - 

For the aforesaid toners, the initial fogging value when images 
were first formed was 0.56, and the fogging value after 6000 sheets 
had been printed was 1.03. 

In general, it is said that the fogging value must be 2.0 or 
less. Hence, the fogging value measured for the toner in Example 3 
is within the permitted range for both the initial value and after 
printing 6000 sheets, and fogging is suppressed. 

[4J Example 4 

Table 1 shows various physical properties of the iron oxide 
particles used in the toner of Example 4. 
(Retentivity Be (kA/m)) 

The retentivity Be measured at a measured magnetic field of IkOe 
(97.6kA/m) was 9.07kA/m (114eO). 

(Saturation fcU»9i»eiifc&iioii Ot» and residual magnetization Or) 

The saturation magnetization as was 59. 6Am 2 /kg, and the 
residual magnetization CTr was lOAmVkg. Hence, the ratio (ar/ 
Ob ) of the residual magnetization Ox and saturation magnetization 
Os was 0.17. 

(Average particle diameter d of iron oxide and average particle 
diameter D of toner) 

The average particle diameter d of iron oxide particles was 
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0 ♦ 23pm. The average particle diameter D of the final toner was 9.041pm. 
Hence, the ratio (d/D) of the average particle diameter d of iron 
oxide particles to the average particle diameter D of toner was 0.025 . 

For the aforesaid toners, the initial fogging value when images 
were first formed was 1.17, and the fogging value after 6000 sheets 
had been printed was 1.20* 

In general, it is said that the fogging value must be 2.0 or 
less. Hence, the fogging value measured for the toner in Example 4 
is within the permitted range for both the initial value and after 
printing 6000 sheets, and fogging is suppressed. 

2. Toners in the comparative examples 
fl) Comparative Example 1 

Table 1 shows various physical properties of the iron oxide 
particles used in the toner of Comparative Example 1 . 
(Retentivity He (kA/m)) 

The retentivity He measured at a measured magnetic field of IkOe 
(97.6kA/m) was 22.5kA/m (283eO) . 

(Saturation magnetization as and residual magnetization <Tr) 

The Saturation magnetis-atiou O a* was C.6m 7 /kg r and the residual 
magnetization err was 0.2Am 2 /kg. Hence, the ratio (crr/crs) of the 
residual magnetization err and saturation magnetization as was 0.33. 
(Average particle diameter d of iron oxide and average particle 
diameter D of toner) 

The average particle diameter d of iron oxide particles was 
0 .3jjiu. The average particle diameter D of the final toner was 8 .832^nn. 
Bence, the ratio (d/D) of the average particle diameter d f iron 
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oxide particles to the average particle diameter D of toner was 0*034 . 

For the aforesaid toners, the initial fogging value when images 
were first formed was 2.39, and the fogging value after 6000 sheets 
had been printed was 3*11. 
5 In general, it is said that the fogging value must be 2-0 or 

less. Hence, the fogging value measured for the toner in Comparative 
Example 1 largely departs from the permitted range for both the initial 
value and after printing 6000 sheets, and fogging is not sufficiently 
suppressed. 

10 

(2\ Comparative Example 2 

Table 1 shows various physical properties of the iron oxide 
particles used in the toner of Comparative Example 2. 
(Retentivity Be (kA/m) ) 
15 The retentivity He measured at a measured magnetic field of IkOe 

(97.6kA/m) was 4.62kA/m (58eO). 

(Saturation magnetization as and residual magnetization cTr) 

The saturation roagnetieation crs was 0 . 2Am 2 /kg, and the residual 
magnetization Or was O.lAmVkg. Hence, the ratio (crr/a&) of the 

20 residual magnetization ---j «: — 

(Average particle diameter d of iron oxide and average particle 
diameter D of toner) 

The average particle diameter d of iron oxide particles was 
0.017pm. The average particle diameter D of the final toner was 
25 9.240ym. Hence, the ratio (d/D) of the average particle diameter <3 
of iron oxide particles to the average particle diameter D of toner 
was 0.O02. 
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For the aforesaid toners, the initial fogging value when imag s 
were first formed was 5*06. This fogging value larg ly departs from 
the permitted range for the initial value (2.0), and image fogging 
is not completely suppressed even before printing 6000 sheets ♦ 

5 

3. Relation between ratio (d/D) of iron oxide average particle 
diameter d and toner particle average particle diameter D, to fogging 
value 

To examine the relation between the ratio (d/D ) of the iron oxide 
10 average particle diameter d and toner particle average particle 
diameter D, to the fogging value, the relation between the ratio (d/D) 
to the fogging value was plotted based on Table 1. Fig* 3 shows the 
results. Fig- 3 is a graph showing the relation of the ratio (d/D) 
to the fogging value. The horizontal axis shows the value of the ratio 
15 (d/D), and the vertical axis shows the fogging value. 

in Fig. 3, A, B, C, D are the plots obtained respectively for 
Example 1, Example 2, Example 3, Example 4, and E, F are the plots 
obtained respectively for Comparative Example 1 and Comparative 
Example 2. 

2G As the f egging value siust be 2.0 cr less , in order to effectively 

suppress image fogging, as seen from Fig. 3, the value of the ratio 
_ (d/D) of the iron oxide average particle diameter d and toner particle 

average particle diameter D, must lie within the range 0.010-0.030. 

If the value of the ratio (d/D) is 0.030 or more, or 0.010 or less, 
25 the fogging value is 2.0 or more, and image fogging can no longer 

be effectively suppressed. 
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4. Relation b tween ratio (<7r/as) of saturation magnetization a 
s and r sidual magnetisation ax, to fogging value 

To examine the relation between the ratio (as/ err) of the 
saturation magnetization as and the residual magnetization Or to 
the fogging value, the relation between the value of the ratio 
( ax/ Cs ) and the fogging value was plotted . Fig . 4 shows the results . 
Fig* 4 is a graph showing the relation between the value of the ratio 
( or/ Ob) and the fogging value. The horizontal axis shows the value 
of the ratio ( Cr/Cs), and the vertical axis shows the fogging value • 

In Fig. 4, A, B, C, D are the plots obtained respectively for 
Example 1, Example 2, Example 3, Example 4 # and E, F are the plots 
obtained respectively for Comparative Example 1 and Comparative 
Example 2. 

As the fogging value must be 2 - 0 or less, in order -to effectively 
suppress image fogging, as seen from Fig. 4, the value of the ratio 
(Cr/crs) of the saturation magnetization Cs and the residual 
magnetization ar, must be 0.03 or less* If the value of the ratio 
( err/ as) is 0.030 or more, the fogging value is 2.0 or more, and image 
fogging can no longer be effectively suppressed. 

If the value of the ratio ( err / ) is 0.0? or less , in the 
non-magnetic developing process using a non-magnetic developing 
roller, if the residual magnetization ax is small even if the 
saturation magnetization <7s is large, the magnetic cohesive force 
between toner particles is weak and cohesion of toner particles can 
be prevented, and if the ratio ( ax/Cs) of the residual magnetization 
err and saturation magnetization crs is small, the electrostatic 
latent image can be developed without impairing toner fluid properties * 
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As a result , image fogging can be effectively suppress d* 

On the other hand/ if th residual magnetization err is small 
and the saturation magnetization as is also small (the ratio 
( <Xr/ ere) of the two is large) r the magnetizing force of the iron oxide 
itself is weak/ and as the charging of the toner overall is non-uniform, 
image fogging easily occurs* 

In the electrostatic developing toner of the first embodiment 
described above, the ratio (d/D) between the average particle diameter 
D of the toner and the average particle diameter d of the iron oxide 
particles contained in the toner which function as a colorant, is 
set to within the range 0.01-0.03, and the ratio (Or/crs) between 
the residual magnetization err and saturation magnetization Os of 
the iron oxide particles is set to 0,3 or less. Hence, an 
electrostatic developing toner which effectively suppresses image 
fogging can be provided. 

SECOND EMBODIMENT 

An electrostatic developing toner according to a second 
embodiment will now be described. The image-forming apparatus 
according tc this aspect, and its construction and function, do not 
differ from the image- forming apparatus according to the first aspect, 
so their description will not be repeated. Identical parts are also 
assigned identical numbers to those of the first aspect. 
[Toner] 

The toner 53 according to this aspect may for example be a 
non-magnetic one-component toner comprising a polymer resin of 
styrene acrylate or the like having a substantially spherical shape. 
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The polymer resin toner particles contain iron oxide particles which 
function as a colorant, and various additives such as two types of 
silica particulates of mutually different particle diameters which 
impart fluidity (hereafter, the silica of small particle diameter 
5 will be referred to as Silica A, and the silica of large particle 
diameter will be referred to ae Silica B) f a wax and a charge 
controlling agent. Silica A acts mainly to improve toner fluidity , 
while toner B prevents adhesion between toner particles. Due to the 
combined effect of these two types of silica, image fogging and image 
10 dropout are prevented, and image quality is improved. In addition 
to the aforesaid polymer toner, the toner may also contain crushed 
toner. 

Next, for the toner 53 used in the laser printer 1 wherein 
the initial film thickness of the layer 22 formed on the 

15 circumferential surface of the photoconductive drum 20 is set within 
the range 30-50ym, and the nip pressure of the developing roller 56 
on the photoconductive film 20 is on the photoconductive drum 20 is 
set within the range 50-350kPa, function expressions were deduced 
between the particle size and content of iron oxide particles in the 

6\j voum pax cxuxt?& x miwxh^ r t*^**-*- — — — — — - cii.t. r c_ . — - ^ ^ 

size of Silica A and Silica B, and the scraping amount of the 
photoconductive layer 22. Next, the scraping amount of the 
photoconductive layer 22 and the value of the function expressions 
when the particle size of the iron oxide particles and addition amounts 

25 of silica A and Silica B were varied, were compared. 
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A. Deduction of function expr ssi n 
(1) Assumptions in the deduction 

(i) Assumptions concerning the structure of the laser printer 

As is clear from the structure of the laser printer 1, the 
5 cleaning roller 42 , developing roller 56 and transfer roller 60 are 
in contact with the photoconductive layer 22 of the photoconductive 
drum 20. As the cleaning roller 42 is made of a foam elastic material 
such as silicone rubber or urethane rubber, friction with the 
photoconductive drum 20 is reduced, and the photoconductive layer 

10 22 of the photoconductive drum 20 is not scraped when cleaning is 
performed. Further, as the transfer roller 60 likewise comprises a 
foam elastic material having electrical conductivity such as silicone 
rubber or urethane rubber, the photoconductive layer 22 of the 
photoconductive drum 20 is not scraped when the image is transferred 

15 to the paper P. On the other hand, the developing roller 56 is a rigid 
roller made of urethane rubber, and when toner 53 adhering to the 
surface of the developing roller 56, adheres to the electrostatic 
latent image on the photoconductive layer 22 to develop it, the 
photoconductive layer 22 is probably scraped depending on the nip 

2C pressure of the developing roller 56 ^hich is brought into the nip 
part N. 

Hence, the structural element of the laser printer 1 leading 
to scraping of the photoconductive layer 22 of the photoconductive 
drum 20, will be assumed to be the developing roller 56. The scraping 
25 amount of the photoconductive layer 22 varies according to a 

predetermined function having the nip pressure of the developing 
roller 56 on this photoconductive layer 22 as a parameter. 
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(ii) Assumptions concerning the toner composition 

The toner comprises polymer resin toner particles containing 
iron oxide particles as colorant. These polymer resin toner 
particles contain the additives Silica A and Silica B, and other 
additives Required for the toner composition such as a wax and a charge 
controlling agent* 

It will be assumed that the toner components which scrape the 
photoconductive layer 22 on the photoconductive drum 20 are the iron 
oxide particles, Silica A and Silica B which are harder than the 
photoconductive layer 20 , and that the scraping amount of the 
photoconductive layer 22 varies according to a predetermined function 
having the particle diameter and content of the iron oxide particles, 
and the particle diameter and addition amounts of Silica A and Silica 
B, as parameters* 

(iii) bower limit of photoconductive layer 
in order to determine the lower limit of the photoconductive 

layer required for image- forming, the relation between the film 
20 thicknes* ul the photoconductive layer and image fogging vjss examined . 
Fig. 5 shows the results. Fig. 5 is a graph showing a relation between 
film thickness of the photoconductive layer and fogging , the 
horizontal axis showing the film thickness of the photoconductive 
layer and the vertical axis showing the fogging value. 
25 In Fig. 5, graph A shows the initial value for fogging obtained 

by measuring the fogging using a new photoconductive drum and toner. 
It is seen that the initial value of fogging is 8 which is within 
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the measurement range, and has not changed* 

On the other hand, graph B shows the variation of the fogging 
value obtained using plural used photoconductive drums having 
photoconductive films of different film thickness and new toners. 
5 It is seen that when the film thickness of the photoconductive film 
is from 11pm to 10pm, the fogging value is 8 or less which is 
satisfactory, but if the film thickness is less than 10pm, the fogging 
increases beyond 8 as the film thickness decreases* This is thought 
to be due to the fact that when the film thickness of the 
10 photoconductive film decreases below 10pm, there is a drop in 

potential due to a decrease of insulating properties or charging 
capacity . 

From the above, it is seen that the lower limit of film thickness 
of the photoconductive film required to form an image must be 10pm. 

15 

(iv) Relation between print duty and scraping amount of 
photoconductive film 

To examine the relation between print duty and scraping amount 
of the photoconductive film, the following measurements were 

On %%«-»t»'Pi"> m~mm^+4 

First, endurance printing was performed using two toners A and 
B (toners having an identical particle size but different colorants, 
the remaining components being identical), and the relation between 
number of printed sheets and print density was examined. Fig. 6 shows 
25 this measurement result. Fig. 6 is a graph showing the relation 
between the number of printed sheets and print density during 
endurance printing using the two toners A and B. As shown in Fig. 
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6, during endurance printing with toner A and toner B, there is a 
large variation of print density from 2000 to 3000 printed sheets, 
in other words, there is a large variation of print duty during 
endurance printing. 

Next, endurance printing was performed in the same way using 
the two toners A and B, and the relation between the number of printed 
sheets and scraping amount of the photoconductive layer was measured. 
Fig. 7 shows this measurement result ♦ Fig. 7 is a graph showing the 
relation between the number of printed sheets and the scraping amount 
of the photoconductive layer for the two toners A and B. As shown 
in Fig. 7, there is a substantially linear variation according to 
-the increase in the number of printed sheets for both toner A and 
toner B, and there is a large variation from 2000 to 3000 printed 
sheets . 

As is clear from a comparison of the graph of Fig* 4 and the 
graph of Fig. 7, there is no correlation between print duty and 
scraping amount of the photoconductive layer. Therefore, print duty 
will not be considered in deducing the functional relations below 
concerning .scraping amount of the photoconductive layer. 

(2) Deduction of functional relations 

(i) As discussed in the above/ the toner components which affect 
the scraping amount of the photoconductive layer are iron oxide 
particles, Silica A and Silica B. First, it will be considered how 
these components affect the scraping of the photoconductive layer, 
in the following, Silica a, Silica B and iron oxide particles will 
be considered in that order. 



(ii) Silica A 

For silica a, silica having a BET specific surface area of 
lOOraVg was used, to examine th effect of this Silica A on the 
scraping of the photoconductive layer/ carbon black was used as a 
5 colorant, a toner containing neither Silica A nor Silica B was prepared/ 
and the scraping amount of the photoconductive layer was measured 
using this toner at a developing roller nip pressure of 290kPa. As 
a result of this measurement, it was found that this toner did not 
contribute to scraping of the photoconductive layer. This confirms 

10 that the carbon black used as colorant does not contribute to scraping 
of the photoconductive layer. 

Next, using carbon black as colorant, a toner containing 1% 
(wt%) of Silica A was prepared/ and the relation between the number 
of printed sheets and the scraping amount of the photoconductive layer 

15 was measured at a developing roller nip pressure of 290kPa» Fig* 8 
shows this measurement result. Fig. 8 is a graph showing the relation 
between the number of printed sheets and the scraping amount of the 
photoconductive layer. The horizontal axis shows number of sheets, 
and the vertical axis shows the scraping amount. 

20 in Fig. 6, the scraping cuuuuac u£ the photoconductive layer 

tends to increase linearly with increase in the number of printed 
sheets. If an approximation relation is fitted to the measurement 
points on the graph, the following Equation 1 is obtained* 
[Equation 1] 

25 y = 0.0014X + 0.0746 

Based on Equation 1 , the scraping amount of the photoconductive 
layer after printing 6000 sheets was computed as 8.5/jm. 



Here, it was found that when Silica A and Silica B are not added 
(addition amount 0%), th re is no scraping of the photoconductive 
layer r therefore concerning the equation representing the scraping 
amount of the photoconductive layer, there is no problem in assuming 
5 the linear plot passing through the origin shown in graph C of Fig* 
9. 

in practice, when the addition amounts of Silica A and Silica 
B are 0%, filming occurs so the intercept on graph C of Fig. 9 may 
be considered to be slightly negative, but herein, it will be assumed 
10 that a more stringent condition (intercept = O^tm) is used. 

Hence, in the graph C of Fig. 9, if x% of Silica A is added, 
the scraping amount of the photoconductive layer after printing 1000 
sheets is given by the following Equation 2. 
[Equation 2] 

15 1.4x (Mm) 

In Equation 2, the coefficient 1.4 is a coefficient obtained 
by converting the scraping amount of 8.5^m per 6000 sheets, to 1000 
sheets * 

(iii) Silica B 

~~ ** cr Silica 2, silica having a bet specific surface area of SGmVg 

was used. To examine the effect of Silica B on the scraping amount 
of the photoconductive layer, a toner containing carbon black as 
colorant and 1% (wt%) of Silica B was prepared, and the relation 
between the number of printed sheets and the scraping amount of the 

25 photoconductive layer was measured at a developing roller nip pressure 
of 290kPa. Fig. 10 shows this measurement result. Fig. 10 is a graph 
showing the relation between the number of printed sheets and the 
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scraping amount of the photoconductive layer. The horizontal axis 
shows the number of printed sheets, and the vertical axis shows the 
scraping amount. 

In Fig. 10 f the scraping amount of the photoconductive layer 
tends to increase linearly with increase in the number of printed 
sheets. If an approximation relation is fitted to the measurement 
points on the graph, the following Equation 3 is obtained. 
[Equation 3) 
y = 0.0034X + 0.2961 

Based on Equation 3, the scraping amount of the photoconductive 
layer after printing 6000 sheets was computed as 20*7jjm. 

Herein, as in the case of Silica A, it was confirmed that when 
Silica A and Silica B are not added (addition amount 0%), there is 
no scraping of the photoconductive layer, therefore concerning the 

equation representing the scraping amount of the photoconductive 

layer, there is no problem in assuming a linear plot passing through 

the origin shown in graph D of Fig. 9. 

in practice, when the addition amounts of silica A and silica 

B are 0%, filming occurs so the intercept on graph p of Fig. 9 may 

be considered to be slightly negative, but herein, it will be assumed 

that a more stringent condition (intercept = Oj/m) is used. 

Hence, in graph D of Fig. 9, if y% of Silica B is added, the 

scraping amount of the photoconductive layer after printing 1000 

sheets is given by the following Equation 4. 

[Equation 4] 

3.5y (fim) 

in Equation 4, the coefficient of 3.5 is a coefficient obtained 
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by converting th scraping amount of 20 per 6000 sheets, to 1000 
sheets • 

(iv) Contribution of Silica A and Silica B to scraping amount 

From the above, when x% of silica A and y% of Silica B were added 
and the developing roller nip pressure was set to 290kPa, the 
contribution of silica A and Silica B to the scraping amount of the 
photoconductive layer after printing 1000 sheets, is given by the 
following Equation 5. 
(Equation 5] 
1.4x + 3.5y (pm) 

(v) iron oxide particles 

To examine the effect of iron oxide particles on the scraping 
amount of the photoconductive layer, a toner was prepared containing 
1% (wt%) of Silica A and 0.5% (wt%) of Silica B relative to polymer 
resin particles containing 6% (vol%) of iron oxide particles having 
various particle diameters, and the scraping amount of the 
photoconductive layer was measured after printing 1000 sheets using 
this toner at a developing roller nip pressure of 29CkPa. Fig, 11 
shows this measurement result. Fig. 11 is a graph showing the relation 
between the particle diameter of the iron oxide particles and the 
scraping amount of the photoconductive layer- The horizontal axis 
shows the particle diameter of the iron oxide particles, and the 
vertical axis shows the scraping amount. 

in Fig. 11 , the scraping amount of the photoconductive layer 
tends to increase expon ntially with increase in the particle diameter 
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of the iron oxide particles . If an approximation relation is fitted 
to the m asurement points on the graph, the following Equation 6 is 
obtained. 
[Equation 6) 
5 y = 0.4076** 152 * 

Herein, based on Equation 6, if the particle diameter of the 
iron oxide particles is z (Jim) , the effect of the iron oxide particles 
on the scraping amount of the photoconductive layer after printing 
1000 sheets is given by the following Equation 7. 
10 [Equation 7] 
0.405e 4Axe * (urn) 



(vi) Developing roller nip pressure 

To examine the effect of the scraping amount of the 
15 photoconductive layer based on the nip pressure of the developing 
roller on the photoconductive drum, a toner was prepared containing 
0*5wt% of Silica A and 0«5wt% of Silica B relative to polymer resin 
toner particles containing iron oxide particles having a particle 
diameter of 0.3jiro, and the scraping amount of the photoconductive 
2C layer was measured after endurance printing cl 10CC sheets using this 
toner while varying the developing roller nip pressure. Fig. 12 shows 
this measurement result. Fig. 12 is a graph showing the relation 
between the developing roller nip pressure and the scraping amount 
of the photoconductive layer. The horizontal axis shows the 
25 developing roller nip pressure, and the vertical axis shows the 
scraping amount. 

In Fig. 12, the scraping amount of the photoconductive layer 
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increases along a curve with increase of the developing roller nip 
pressure. If an approximation relation is fitted to the measurement 
points on the graph, the following Eguation 8 is obtained, 
[equation 8] 

y = 2 x 10'V + 9 x 1ITV- 0.151X + 3.135 

Herein, Equation 5 and Eguation 7 were both deduced for a 
developing roller nip pressure of 290kPa» Calculating the scraping 
amount of the photoconductive layer for this nip pressure of 290kPa 
from Equation 8, the scraping amount is 4.4jijru Therefore, in Equation 
8, in order to determine the scraping amount of the photoconductive 
layer per lkPa, Equation 8 may be divided by 4.4. 

In other words , the scraping amount of the photoconductive layer 
corresponding to a developing roller nip pressure of lkPa(p) after 
printing 1000 sheets is represented by the following Equation 9. 
[Equation 9] 

2 X10'V+»X 10- e p 2 - 0.151p + 3.135/ 4.4 (|im) 

(vi) Based on the above description , using a toner containing x% 
(wt%) of Silica A and y% (wt%) of Silica B in polymer resin toner 
particles cents in in 5 6% (vcl%) cf ircn cxide having e particle 
diameter of z ^m, if 1000 sheets are printed at a developing roller 
nip pressure p (JcPa), the scraping amount is given by the following 
Equation 10. 
{Equation 10) 

(1 .4x + 3.5y + (MOSe* 02 *) x (2 X 1<r 7 p 3 + 9 X lev- 0.151p + 3.135) / 4.4 (pm) 

Equation 10 gives the scraping amount per 1000 sheets, therefore 
if the number of printed sheets is s, the scraping amount per sheet 
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is given by the following Equation 11. 
[Equati n 11] 

(1.4X + 3.5y + CMOSe 4 * 2 *) X (2x10* 7 p 3 + 9 X W*p z - 0.151p + 3.135) / 4.4 X (s/1000) 
(pm) 

Herein, as described above, the lower limit of the film 
thickness of the photoconductive layer required to form an image is 
lOym, so if the initial film thickness of the photoconductive layer 
is t r the film thickness of the photoconductive layer remaining after 
scraping due to printing is given by (t-10). If the remaining film 
thickness (t-10) is larger than the scraping amount given by Equation 
11 , there is no problem for image- forming. Expressing this in the 
form of an equation, the following Equation 12 is obtained. 
[Equation 12] 

(1.4X + 3.5y + Q.4Q5e Ajl *) x (2 X 1CTV+ 9 X 10"V- 0.151p + 3.135) /AA X (c/1000) - (t-10) £ 0 
(pm) 

B, Relation between scraping amount, of photoconductive layer and 
function values 

(1) A toner was prepared varying the particle diameter of iron oxide 
particles (amount €fc , vcl% } contained in the pclymsr resin particles f 
and the addition amounts of Silica A and Silica B, and the scraping 
amount of the photoconductive layer was measured by performing 
endurance printing of 10000 sheets using this toner while varying 
the developing roller nip pressure* The relation between the 
scraping amount and the function value (f ) on the left-hand side of 
Equation 12 was examined. 

Herein, the endurance printing test was performed with 10000 
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sheets because endurance printing of 5000 sh ets is not a permitted 
level for current products , and several tens of thousands is too far 
removed from the tolerance level for current products. 

6 (2) Examples 

(i) A toner was prepared varying the particle diameter of iron oxide 
particles (amount 6%, vol%) contained in the polymer resin particles , 
and the addition amounts of Silica A and Silica B, and endurance 
printing of 10000 sheets was performed using this toner while varying 
10 the developing roller nip pressure. The results are shown as Examples 
1-6 in the following Table 2. 
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Good reaufts are obtained if 
additives and iron oxide are 
low, even If nip pressure Is 
hloh. 


Good results are obtained If nip 
pressure is low even if Fe 
diameter is larae. 


Good results are obtained by 
controlling nip pressure, Fe 
diameter and Initial film 
thickness even If additives are 
larae. 


Good results are obtained by 
controlling nip pressure, Fe 
diameter and initial film 
thickness even if additives are 
larae. 
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<ii) In Example 1, a toner was used wherein the addition amount of 
silica A was 0.5%, the addition amount of Silica B was 0.5% and the 
particle diameter of the iron oxide contained in the polymer resin 
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particles was 0.3ym, and the developing roller nip pressure was 200kPa. 
The initial film thickness of the photoconductive layer was 32.7j/m, 
and the film thickness after printing 10000 sheets was 14,5pm. Due 
to this p the scraping amount of the photoconductive layer was 18 + 2]jm, 
5 The function value f was -3.5, and the conditions of Equation 12 were 
satisfied. 

in this case, based on the fact that the addition amounts of 
Silica A and Silica B, the particle diameter of iron oxide and the 
developing roller nip pressure are within satisfactory ranges, good 
10 results were obtained. 

<iii) In Example 2, a toner containing 0.4% of Silica A but no Silica 
B, wherein the particle diameter of iron oxide contained in the polymer 
resin particles was 0.1pm, was used, and the developing roller nip 
pressure was set to 350kPa. The initial film thickness of the 
15 photoconductive layer was 32.3M*a, and the film thickness after 

printing 10000 sheets was 11.5j/m. Due to this r the scraping amount 
of the photoconductive layer was 20,8pm. The function value f was 
-1.7, and the conditions of Equation 12 were satisfied. 

In this case, the developing roller nip pressure was set high 
20 tc 25CkPs, but the SET specific surface area of Silica A was lOGmVg, 
its particle diameter was small and the particle diameter of iron 
oxide was small, i.e., 0.1/aa, good results were obtained, 
(iv) In Example 3, a toner containing 0.3% of Silica A but no Silica 
B, wherein the particle diameter of iron oxide contained in the polymer 
25 resin particles was 0.45pm, was used, and the developing roller nip 
pressure was set to 50kPa. The initial film thickness of the 
photoconductive layer was 31. 8pm, and the film thickness after 



printing 10000 she ts was 11.9pm. Due to this, the scraping amount 
of the photoconductive layer was 19.9pm. The function value f was 
-1.6, and the conditions of Equation 12 were satisfied. 

In this case, the particle diameter of iron oxide particles was 
5 large, i.e,, 0.45pm, but as the developing roller nip pressure was 
low, i.e.* 50kPa, good results were obtained. 

(v) in Example 4, a toner containing no Silica A and 1.8% Silica 
B, wherein the particle diameter of iron oxide contained in the polymer 
resin particles was 0.1pm, was used, and the developing roller nip 
10 pressure was set to SOkPa. The initial film thickness of the 
photoconductive layer was 49.5pm, and the film thickness after 
printing 10000 sheets was 11.3pro. Due to this, the scraping amount 
of the photoconductive layer was 38.2pm. The function value f was 
-1.2, and the conditions of Equation 12 were satisfied. 
15 In this case, the addition amount of Silica B was high, i.e., 

1.8%, but as the developing roller nip pressure was low, i.e., 50kPa, 
the particle diameter of iron oxide was small, i.e., 0.1pm and the 
initial film thickness of the photoconductive layer was thick, i.e. , 
49.5pm, good results were obtained due to initial film thickness 
20 control . 

(vi) in Example 5, a toner containing 2% of Silica A and 1% of Silica 
B, wherein the particle diameter of iron oxide contained in the polymer 
resin particles was 0.1pm, was used, and the developing roller nip 
pressure was set to 50kPa. The initial film thickness of the 
25 photoconductive layer was 50pm, and the film thickness after printing 
10000 sheets wa© 11.1pm. Due to this, the scraping amount of the 
photoconductive layer was 38.9pm. The function value f was -1.7, and 



the conditions of Equation 12 were satisfied. 

In this case, the addition amount of Silica A was 2% and the 
addition amount of Silica B was 1% so the overall addition amount 
was large, the developing roller nip pressure was low, i.e, 50kPa, 
5 the particle diameter of iron oxide was small, i.e., 0.1pm and the 
initial film thickness of the photoconductive layer was thick, i.e, 
50pm, so good results were obtained due to initial film thickness 
control. 

(vii) In Example 6, a toner containing 0.5% of Silica A but no Silica 
10 B, wherein the particle diameter of iron oxide contained in the polymer 
resin particles was 0.6pm, was used, and the developing roller nip 
pressure was 6et to 50kPa. The initial film thickness of the 
photoconductive layer was 50pm, and the film thickness after printing 
10000 sheets was 10.8pm. Due to this, the scraping amount of the 
15 photoconductive layer was 39.2pm* The function value f was -0.4, and 
the conditions of Equation 12 were satisfied. 

In this case, the particle diameter of iron oxide was large , 
i.e., 0.6pm, the developing roller nip pressure was low, i.e., 50kPa 
and the initial film thickness of the photoconductive layer was thick, 
20 i.e. , 5Cpm, so gc^d results were obtained due tc initial film thickness 
control . 



(3) Comparative Examples 

(i) A toner was prepared varying the particle diameter of iron oxide 
25 particles (amount 6%, vol% ) contained in the polymer resin particles , 
and the addition amounts of silica A and silica B, and endurance 
printing of 10000 sheets was performed using this toner while varying 

43 



th developing roller nip pressure. The results are shown as 
Comparative Examples 1-5 in the Table 2. 

(ii) In Comparative Example 1, a toner containing 0.3% of Silica A 
but no Silica B, wherein the particle diameter of iron oxide contained 

5 in the polymer resin particles was 0.1/im, was used , and the developing 
roller nip pressure was set to 400kPa. The initial film thickness 
of the photoconductive layer was 31 .2j/m, and the film thickness after 
printing 10000 sheets was 3.6jjm. Due to this, the scraping amount 
of the photoconductive layer was 27.6junu The function value f was 
10 31.2/ and the conditions of Equation 12 were not satisfied. 

In this case, the developing roller nip pressure was too high, 
so good results were not obtained. 

(iii) In Comparative Example 2, a toner containing 0.6% of Silica A 
but no Silica B, wherein the particle diameter of iron oxide contained 

15 in the polymer resin particles was 0.1/im, was used, and the developing 
roller nip pressure was set to 50kPa. The initial film thickness of 
the photoconductive layer was 48*7j*m, and the film thickness after 
printing 10000 sheets was Ojjm. The function value f was 11. 2, and 
the conditions of Equation 12 were not satisfied . 

In this case, the addition amount of Silica A vas too high, so 
good results were not obtained. 

(iv) In Comparative Example 3, a toner containing np Silica A and 
3% Silica B, wherein the particle diameter of iron oxide contained 
in the polymer resin particles was 0 . lym, was used, and the developing 
roller nip pressure was set to 50kPa. The initial film thickness of 
the photoconductive layer was 48.5jim, but the film thickness of the 
photoconductive layer during endurance printing of 10000 sheets was 

44 



Oym, so printing stopped midway during the operation. The function 
value f was 23 . 0 , and the conditions of Equation 12 were not satisfied . 

in this case, the addition amount of Silica B, which had a large 
particle diameter (BET specific surface area 50mVg), was too large, 
5 so good results were not obtained. 

(v) in Comparative Example 4, a toner containing 3% of Silica A and 
1% of Silica B, wherein the particle diameter of iron oxide contained 
in the polymer resin particles was 

O.lym, was used, and the developing roller nip pressure was set to 
10 50kPa. The initial film thickness of the photoconductive layer was 
48.7^m, but the film thickness of the photoconductive layer during 
endurance printing of 10000 sheets was 0ym f so printing stopped midway 
during the operation* The function value f was 11. 2 , and the 
conditions of Equation 12 were not satisfied* 

In this case, the addition amount of Silica A was large, and 
1% of Silica B which had a large particle diameter was also added, 
so the total addition amount of silicas A and B was too large, and 
good results were not obtained. 

(vi) In Comparative Example 5, a toner containing 0.5% of Silica A 
but no Silica E, therein the particle diameter cf iron oxide contained 
in the polymer resin particles was 0. 8//m, was used, and the developing 
roller nip pressure was set to 50kPa. The initial film thickness of 
the photoconductive layer was 49.5^m, but the film thickness of the 
photoconductive layer during endurance printing of 10000 sheets was 
Ojim, so printing stopped midway during the operation. The function 
value f was 54 . 4 , and the conditions of Equation 12 were not satisfied, 
in this case, the particle diameter of iron oxide particles was 
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0»8pm, which is too large, so good results w re not obtained. 

As described above f according to the electrostatic developing 
toner of the second embodiment, even when images are formed after 
printing about 10000 sheets, scraping of the photoconductive layer 
on the photoconductive drum due to image-forming can be suppressed 
to below a fixed amount. 



46 



